Satellites such as SMOS are important tools used in many different scientific fields. These satellite readings can have errors due to any number of reasons. Dew can cause a scattering or absorption effect from the microwave emissions which in turn causes errors in satellite data being relayed to scientists and a correction is needed in order to get accurate information. Dew formation can be estimated using relative humidity, but a clear understanding of conditions needed to form dew is desired. Light wind speeds are hypothesized to be needed to induce dew formation in order to have horizontal moisture advection without turbulent mixing. Clear skies overnight are hypothesized to be needed in order to have radiative cooling and high soil moisture is hypothesized to induce dew rise. In this study we will focus on wind speed, cloud cover, and soil moisture over Hardin County, Iowa, and how they can relate to dew formation. Here it was shown that wind speed and cloud cover is not a conclusive way to predict dew formation and soil moisture is the best variable to indicate dew. Therefore, dew rise is the most likely cause of dew formation.
Introduction
Satellite readings are becoming more relevant in the meteorological, hydrological and agricultural world every day. Starting with the first successful weather satellite in 1960 (National Geographic, 2017) which only contained visible imagery, the technological advancements to today's satellites have been astounding. From launching a satellite whose only goal was to look at cloud cover, a vast improvement can be seen. Today's satellites can measure anything from polar ice to soil moisture.
a.) Background
With soil moisture readings becoming more useful and relevant, a full understanding of some errors that may occur is needed to comprehend the remote sensing observations relayed back to scientists. From being able to predict flooding and drought to estimating crop yield, one simple misunderstanding of these readings can cause errors in the interpretation of data and results. Therefore, being able to identify and quantify atmospheric, soil, and vegetation parameters causing these error readings is necessary when using data from the remote sensing observations.
The SMOS (Soil Moisture and Ocean Salinity) satellite was launched in 2009 and changed the scientific world. It can take measurements of the microwave emissions of a specific area twice a day, in the morning and in the afternoon, and can measure soil moisture, ocean salinity and sea ice. The SMOS satellite can be used in many different areas of science. Nevertheless, the SMOS satellite is not perfect. When taking the overnight and morning soil moisture readings from the SMOS satellite, a difference is recorded for four possible reasons: 1.) changes in soil moisture 2.) the presence of dew on vegetation 3.) any water changes in the vegetation and 4.) some change in surface temperature (Rowlandson et al., 2012) . Other studies have supported the findings that the presence of dew on plants does in fact affect the accuracy of remote sensing data (Du et al., 2012) which further verifies the theory that dew affects microwave emissions. Knowing that there is an error from the remote sensing observation when dew is present, the question is why and how to account for these errors.
Different vegetation types can affect the output of the microwave emissions when dew is present (Hornbuckle et al., 2006) . Depending on the size of the plant components, dew can cause a scattering or absorption effect in the microwave emissions from the satellite readings. When the components (e.g., leaves) of the plant is relatively small compared to the microwave wavelength (e.g., soybean), the presence of dew causes an increase of the microwave emission due to absorption of the radiation by the canopy. The presence of dew on plants with components (e.g., stem) comparable to the wavelength (e.g., maize) will result in a decrease in the microwave emission due to scattering of the radiation by the canopy (Hornbuckle et al., 2006) .
In order to observe how dew affects microwave sensing observations, information is needed to determine when dew is present on vegetation. Previous research done in central Iowa shows that a threshold of 83% for relative humidity can be used to estimate when dew will be formed on plants (Rowlandson et al., 2015) . Another study shows that dew is most likely to occur from 9:00pm till 7:00am (Kabela et al., 2009) . Since relative humidity is an indirect measurement to dew, an estimation is not conclusive enough if a confident assurance of dew formation is needed, so adding more variables to the relative humidity threshold will give more confidence when estimating the presence of dew.
b.) Variables
For dew to form on plants, the vegetation's temperature needs to be below the dew point so water from the air can condense onto the plant. Winds need to be light and skies need to be clear. If winds are still, no new airmass will be moving into the given area meaning no new moisture from the air can be condensed onto the given vegetation, and little dew will be formed. Thus, light winds are ideal in order to have horizontal moisture advection without warming the vegetation's temperature. If winds are too strong, it causes small-scale turbulent mixing. Once the warmer upper air mixes with the surface air, it causes the plants to become warmer, raising the vegetation's temperature above the dew point (Garratt and Segal, 1988) . There is also the possibility for dew rise to occur. Dew rise occurs when the soil moisture content is high enough for evaporation from the soil to condense onto the plants. Dew rise will most likely happen when the soil moisture is high, so water can evaporate from the soil then condense onto the vegetation. Hence, light but not stagnant winds, clear skies, and high-water content in the soil are hypothesized for ideal dew conditions. This research study seeks to determine if values of wind speed, cloud cover, and soil moisture can be used to predict the formation of dew.
Data and Methods a.) Data
A field experiment conducted by the National Aeronautics and Space Administration (NASA), whose goal was to validate remote sensing observations, was held over Hardin County, Iowa, from May 23 rd , 2016, thru September 28 th , 2016. This experiment scanned individual crop fields in order to see how remote sensing observation errors differ from each type of vegetation. Although this study will not have data from this experiment, the days and location from the NASA field experiment were used as a reference for the study region and dates used.
Winds speed, incoming long wave radiation and temperature, which will be used to estimate cloud cover, and, relative humidity have come from the flux tower located in the central southern part of Hardin County while the soil moisture is an average from the South Fork network of Hardin County (Fig 1) . The flux tower takes measurements every 15 minutes and the South Fork network takes measurements every hour. A time from 9:00pm till 7:00am will be used, because dew frequency is most likely to occur from 9:00pm till 7:00am (Kabela et al., 2009 ) and also because the SMOS satellite passes over Iowa at 6:00am and 6:00pm, but dew will only be formed in the morning. A time frame from May 23 rd , 2016, thru September 28 th , 2016, was used. It has been shown that temperature and dewpoint can have an effect on dew formation but in this particular study, temperature and dew point can be ignored because the relative humidity variable accounts for both, although, temperature will be used to estimate cloud cover.
b.) Methods
In order to indicate which days have a high probability for dew formation, a rating system was used. A scale from 1-10 with 10 being the most favorable condition has been assigned to each night in each variable being considered. Table 1 indicates each variables condition for each category. For wind speed, a speed of 2-3 meters per second at a height of 10 meters above the ground is the most likely speed for dew formation (Garratt and Segal, 1988) . The cloud cover fraction that is most likely for dew to be formed is when the percentage is close to 0%, and conditions the soil moisture needs to be in is when the soil has the most water in order to induce dew rise. A relative humidity of 83% or greater has been shown to be highly correlated with dew formation (Rowlandson et al, 2015) and can be used as a comparison variable to indicate dew formation on vegetation. The flux tower data that is used for this study was taken at a height of 5 meters. It has been shown that specific wind speeds at a height of 10 meters will induce dew formation (Garratt and Segal, 1998) , so a correction was needed to be made in order to account for this issue. As mentioned earlier, light winds are ideal for dew formation, so the rankings were made for light winds to be 10 while strong and stagnant winds were close to 1. The flux tower also did not have direct information on cloud cover so equations (1) and (2) has been used to estimate cloud cover fraction. (1)
Where is the clear sky emissivity, is vapor pressure, is the air temperature, and c is the cloud cover fraction (Campbell and Norman, 1998) . The flux tower used in this experiment did not contain , so temperature is used to estimate the saturated vapor pressure and then find by using equation
where RH is equal to the relative humidity fraction. The cloud cover ranking was made by evenly splitting the highest and lowest possible cloud cover fraction among the 10 rankings. The soil moisture rating was found by simply taking the highest and lowest soil moisture content and evenly splitting it among the 10 rankings. A total ranking was found in order to determine how each corresponding night conditions were in all three variables. If the total ranking is at or above 18, 6 or above for each variable, that day is considered likely to have dew formation.
Results a.) Overall Results
The total ranking was used to compare to the relative humidity threshold of 83% to the variables being considered. Out of a possible 128 nights, 98 days had a chance of dew formation (Appendix I , Fig 2a) , that is, that corresponding night had a high ranking (18 or above) and/or a high relative humidity (83% or above) (Appendix II). 26 days had a high ranking only and 35 days had high relative humidity only. In the 26 days with only a high ranking, 10 of those days were within 5% of the 83% relative humidity threshold (greater than or equal to 78%) and 22 of the 35 days with only a high relative humidity were within 3 ranking of the 18-ranking threshold (greater or equal to a 15 ranking). A correlation coefficient and pvalue were calculated in order to see how each variable was correlated and if this correlation was by chance. The correlation coefficient for the overall ranking and relative humidity is 0.13 and the p-value is 0.28.
Rain may have an effect on the flux tower data, so if precipitation occurred during the allotted time, those days were then not included to see if a change happened in the results. 25 nights had precipitation occur sometime in the time frame used (9pm-7am) and of those 103 days, 81 had a chance of dew formation (Appendix I , Fig 3a) . Of the 81 days, 31 had both a high ranking and a high relative humidity. 22 days had only a high ranking and 28 days had only a high relative humidity. Of the 22 days with only a high ranking, 9 days were within 5% of the relative humidity threshold. 18 of the 28 days for a high relative humidity only were within 3 ranks of the ranking threshold. The correlation coefficient for the overall ranking to relative humidity after precipitation nights were accounted for was 0.11 and the p-value was 0.26.
b.) Wind Speed Results
Before nights with precipitation was omitted from the data set, 83 of the 128 days contained a high wind speed ranking (6 or above) (Appendix I , Fig 2b) . 35 of those 83 days did not have a high relative humidity. The correlation coefficient for only wind speed and relative humidity was 0.01 and the p-value was 0.93. Taking out nights that precipitation occurred, 63 of the 103 days had a high wind speed ranking (Appendix I, Fig   3b) . 26 of those 63 days did not have a high relative humidity. The correlation coefficient after precipitation was taken out was 0.06 and the p-value was 0.51.
c.) Cloud Cover Results
Before precipitation was accounted for, there was a total of 101 days with a high ranking for just cloud cover (6 or above) (Appendix I ,  Fig 2c) . 46 of those 101 days did not have a high relative humidity. Considering only cloud cover and relative humidity, the correlation coefficient was -0.12 and the pvalue was 0.19. Once precipitation was accounted for, 88 of the 103 days had a high cloud cover ranking (Appendix I, Fig 3c) . Of those 88 days, 41 days did not have a high relative humidity. The correlation coefficient after precipitation was accounted for was -0.17 and the p-value was 0.08.
d.) Soil Moisture Results
Considering days with precipitation, the soil moisture rating was high (6 or above) for 51 of the 128 days (Appendix I , Fig 2d) . Of the 51 days, 19 did not have a high relative humidity. The correlation coefficient for only soil moisture and relative humidity was 0.33 and the p-value was 0.0001. When nights with precipitation was takin out, 43 of the 103 days had a high ranking for soil moisture (Appendix I , Fig 3d) . 15 of the 43 days did not have a high relative humidity ranking. After precipitation nights were discarded, the correlation coefficient was 0.33 and the pvalue was 0.0007.
Discussion and Conclusion a.) Overall Discussion
As can be seen in the results, about 38% of the 98 days with a possibility of dew formation had both a high overall ranking and a high relative humidity. The correlation coefficient of 0.14 before precipitation was accounted for and a correlation coefficient of 0.11 after precipitation nights were discarded shows that there is little to no correlation before or after precipitation was considered. This rejects the hypothesis that combining wind speed, cloud cover and soil moisture helps verify dew formation. The p-value of 0.28 before rain is accounted for and 0.26 after precipitation was discarded shows that these results are likely due to chance. In order to see if one specific variable was either a good indicator or bad indicator of dew formation, each individual variable was evaluated separately.
b.) Wind Speed Discussion
As seen from the results before precipitation nights were takin out, of the 83 days with a high wind speed ranking, only about 58% of those days also had a high relative humidity. By looking at the correlation coefficient of 0.007 for wind speed and relative humidity, it can be seen that hardly any correlation is between the two. The p-value for nights including precipitation was 0.93 which is a high indicator that those results were due to chance. Even after precipitation nights were discarded, the correlation coefficient and pvalue still indicate a low correlation and a likelihood that these results were due to chance. Some of these results may be caused by the fact that wind speeds were takin at a 5-meter height instead of a 10-meter height where little studies have been done to look how wind speeds at this particular height effects dew formation.
c.) Cloud Cover Discussion
The results show that a total of 101 days before precipitation nights were takin out had a high cloud cover rating but only 54% of the 101 days had a high relative humidity as well.
The correlation coefficient for cloud cover and relative humidity is -0.12 before precipitation nights were discarded and -0.18 after those nights were takin out. This shows that there is a slight negative correlation. Therefore, when there are clouds in the sky relative humidity is most likely to be low. The p-value when precipitation is still accounted for was 0.19 and after precipitation nights were discarded was 0.08. This shows that there was a chance that these results are due to chance. Both the correlation coefficient and p-value contained slightly better results after precipitation was takin out due to the fact that when rain is occurring there will be high cloud cover but high relative humidity as well.
d.) Soil Moisture Discussion
As shown in the results, only 51 of the 128 days show a high ranking for soil moisture before precipitation was accounted for. Of those 51 days, 62% had high relative humidity. When looking at the correlation coefficient of 0.33 before and after precipitation was discarded, it can be seen that this variable is the most correlated to relative humidity. The p-value of 0.0001 and 0.0007 before and after precipitation nights were accounted for shows that this relationship is not likely due to chance. So, this indicates that when there is a high soil moisture content, there will most likely be a high relative humidity.
e.) Conclusions
Out of the three variables used in this experiment, it can be shown that soil moisture is the most useful condition is when assessing dew formation. It can be deducted that because soil moisture is more relevant, that dew rise is much more reliable when calculating dew formation. Wind speed and cloud cover may not be considered good indicators of dew because even if the variables are within the needed parameters, there is a chance that the surrounding atmosphere is still dry or warm and not able to produce dew on vegetation. As stated earlier, light wind speeds were hypothesized to help dew formation because of the need for new moisture to be brought into the given area, but the new air mass that is going into the given area may already be dry and not have enough moisture to induce dew. Clear skies were hypothesized to induce dew because it would help cool down the given vegetation, but it also helps cool down air temperature which in turn causes the dew point temperature to drop making it more difficult for plants to reach the temperature needed for dew formation. The soil moisture content may help increase the relative humidity near plants, but this theory will need to be explored in future studies.
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